Young people who have chronic disabilities use computer technologies and receive rehabilitation services to overcome functional limitations associated with writing activities. However, the functional impact of these specialized assistive technologies on the everyday lives of children is not clearly understood; in part due to the lack of targeted outcome measures. This article describes the development and evaluation of the Family Impact of Assistive Technology Scale for Writing Interventions (FIATS-WI). The FIATS-WI is a multi-dimensional, parent-report questionnaire designed to measure child functioning and outcomes associated with computer-based writing interventions for children and youth aged 5-18 years. Participants included parents of children with writing-related disabilities who completed the questionnaire at home during one of two study phases. In the first phase, 121 eligible parents, out of 364 invited, completed a single administration of the questionnaire. In the second phase, 28 out of 33 eligible parents completed the FIATS-WI twice to assess its stability. Item and subscale correlations informed an item reduction plan, and Cronbach's alpha and intraclass correlation coefficients provided acceptable estimates for internal consistency and test-retest reliability, respectively. Correlations between FIATS-WI scores and scores from a standardized home participation measure tested its convergent validity. The study provides emerging evidence for the FIATS-WI as a sound measure of computer-based writing technology outcomes for children and youth with disabilities.
Introduction

Background
An estimated 65,000 young Canadians between the ages of 5 and 19 years have mobility impairments due to childhood-onset disabilities such as cerebral palsy, acquired brain injuries, and muscular dystrophy [1] . More than half of these children and youth (hereafter 'children') also have fine motor impairments and communication limitations that further curb their ability to participate fully in everyday activities [1] . Children with these disabilities see allied health professionals to acquire assistive technology (AT) devices and learn strategies to use them to optimize their functional performance in home, school, and community settings. Occupational therapists and speech language of writing interventions across multiple dimensions and users during training and beyond the end of clinical involvement. Consequently, factors that influence the continued use of the AT device, and intervention adjustments that ensure continued benefit for the child, may be missed [34] . In addition, goal-based approaches to outcome measurement may not reflect how a writing intervention may change the experiences and attitudes of other family members who may influence its use. It is necessary to use outcome measures that can shed light on how computer-based writing interventions affect the everyday lives of the child and other caregivers along the continuum of use.
Assessing writing needs, preferences, and outcomes by self-report is ideal, but challenges may exist due to age or cognitive limitations [35] . While discrepancies between self-and proxy-reports in other child health domains exist [36] [37] [38] , parents' perspectives are crucial as they routinely provide important counsel and may influence/be influenced by both the nature and outcomes of AT interventions [39] [40] [41] . Parents are uniquely positioned to observe, generalize, and report their child's functional performance in everyday settings, and perceive family functioning and other contextual factors that may be linked to child-related outcomes.
Fuhrer and colleagues propose a useful conceptual framework to underpin modelling processes for the measurement of outcomes for specific assistive technologies such as writing technologies for children [42] . Informed by the World Health Organization's biopsychosocial view of functioning, disability and health [43] , and applied within a context of child-and family-centred care in pediatric rehabilitation [44] , the AT outcomes framework considers functional impact as outcomes of the dynamic interactions among characteristics of the device, the child who uses the technology, and other moderating co-factors in the environment.
Short-term and long-term outcomes may include device effectiveness, efficiency, and satisfaction, as well as psychological functioning and subjective well-being of both the child who uses the writing device and family/other community members who support its implementation in different environments [42] . The identification and measurement of these and other factors that affect functional outcomes may predict AT device use/abandonment following the provision of the device. However, modelling AT outcomes and identifying predictive factors for successful writing interventions are predicated on the availability and application of rigorously-developed outcome measures that detect relevant functional and contextual effects over time.
Development of the Family Impact of Asssistive Technology Scale for Writing Interventions (FIATS-WI)
Members of our research team developed the FIATS-WI to address this measurement need. The FIATS-WI is a parent-report questionnaire designed to measure child functioning, environmental factors, and personal factors in domains that may be influenced by the introduction of computer-based writing interventions for children aged 5 to 18 years. It was conceived as a standardized measure that could be used by researchers and clinicians to detect pre-and post-intervention levels and change (outcomes) globally and within each of its dimensions.
Candidate dimensions for the FIATS-WI came from a systematic review of peer-reviewed studies that reported on AT effects on child, caregiver, and family functioning [45] and a review of other questionnaires that measured health outcomes in children with disabilities [46] . Team members reviewed AT outcomes and considered other content areas based on clinical experience. The team agreed upon the inclusion of eight writing-related dimensions and an additional eight domains from the original Family Impact of Assistive Technology Scale (FIATS) [47] . The original FIATS measures child functioning and contextual factors associated with other types of AT interventions for children with mobility-related limitations, so it was postulated that its dimensions may also be relevant for writing technologies.
Nine content experts assessed the relevance of all 16 dimensions as content areas that could interact with child functioning following introduction of a computer-based writing intervention. Experts included parents of children with writing technology needs, and AT professionals with extensive experience in writing technology services and research for children with disabilities. This expert screening process resulted in the selection of 12 dimensions for the new FIATS-WI (Table 1) . Of these, four dimensions were shared with the original FIATS. The dimensions chosen generally related to child functioning (doing activities, independence, quality of writing, social adaptability, writing activities) environmental factors (caregiver relief, establishing routines, exertion, parent well-being, supervision) and personal factors (attitudes toward writing, contentment).
An interdisciplinary team-including a senior AT practitioner, senior child health researcher, and occupational therapy trainee-developed items for each of the new dimensions [48] . Five parents of children with writing needs individually reviewed and flagged items that were unclear or not relevant to understanding factors associated with writing outcomes. The same parents then met as a group to reword, accept, or eliminate items identified as unclear/irrelevant. The revised FIATS-WI had 88 items, included a 7-point Likert rating scale so parents could indicate their degree of agreement with item statements (strongly disagree to strongly agree), and used a scoring strategy adopted from the original FIATS [49] . This earlier pilot work provided an essential prefatory grounding for ongoing development and evaluation of the FIATS-WI as a multidimensional, parent-report questionnaire that measures AT outcomes linked to computer-based writing interventions for children with disabilities aged 5 to 18 years.
The aim of the present study was to advance the development, estimate the reliability, and obtain support for the validity of the FIATS-WI. The research study had two phases to meet this aim. Both phases were conducted in accordance with Canada's Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans and approved by the research ethics board at the authors' academic teaching hospital (REB 09-030/14-435). All participants consented to take part in the research study.
Materials and Methods
Phase 1: Item Reduction and Internal Reliability
The objectives of phase 1 were to: (a) improve the scoring precision and reduce the length of the 88-item FIATS-WI; and, (b) estimate the internal consistencies of the total scale and its subscales.
The research design was a hospital-based, mail-out survey to parents whose children with disabilities were between the ages of 5 and 18 years and had received services within the previous three years through the writing technologies service at the authors' institution. The institution's electronic health records department identified an initial sampling frame of 400 parents.
The survey strategy used for this phase was adapted from Dillman's Tailored Design Method [50] . Each parent received a notification letter from the manager of the writing technologies service. The letter introduced the purpose, importance, and voluntary nature of the study, and advised that the survey package would follow by mail a few days later. The survey package included a cover letter, a demographics form, the 88-item FIATS-WI questionnaire, a self-addressed stamped return envelope, and a writing resource compact disc. The mailing included a hyperlink to allow secure access to an online version for parents who chose to do the survey electronically rather than complete it by paper and pencil. The compact disc created by the research team included writing resources and activities for children and hyperlinks to other online resources. The free disc served as a form of social exchange to encourage participation [50] .
Parents were asked to complete the questionnaire within two weeks after receiving the survey package. The basic demographic information requested included the relationship of respondent to child, age/diagnosis of the child, and general type of writing technology used (if any). No linking information was used to assure anonymity of participants. All families received a final reminder postcard 3 weeks after the initial survey mailing.
The initial survey went to 400 households, but 36 (9%) were returned as undeliverable. Of the 364 questionnaires remaining, the research team received 139 responses (38% response rate). Of these, 18 questionnaires were removed from the analysis for three reasons: the child was older than 18 years of age (n = 15); the child's age was not reported (n = 2); and one questionnaire had fewer than 80% of the ratings assigned. Data were extracted from the remaining 121 questionnaires. Participants returned their questionnaires by mail (n = 106 (88%)) or on-line (n = 15 (12%)).
A Classical Test Theory approach [34, 51] informed the development of an analytic plan. The general plan was to use data collected to identify and eliminate items that did not correlate well with the other items of the subscale to which they were assigned. Also considered for elimination were dimensions that highly aligned with the construct measured by another dimension. Specifically, decisions about item/dimension elimination generally followed these criteria:
• Discard items where less than 20% or 25 respondents provide no rating.
•
Discard items where over 80% of respondents selected the same rating for a particular item.
• Identify items with low item-total subscale correlations (Pearson's |r| < 0.2). Correlate these items with 'other' subscales. If the item-other subscale correlation was greater than 0.2, conditionally, reassign the item to the 'other' subscale if it related conceptually to that subscale. Otherwise, eliminate the item.
• Calculate item-total other subscale correlations for the remaining items to confirm that they were assigned to the correct subscales. Reassign an item if it had a higher item-subscale total correlation with another subscale, and was conceptually related to it.
• Identify within-scale items with high inter-item correlations (r > 0.9). Eliminate the item that has the lower item-subscale correlation.
• Calculate inter-dimensional correlations to flag possible redundancy in measured constructs. Review constructs that have high correlations (r > 0.9) to judge whether one dimension should be eliminated from the FIATS-WI.
Cronbach's alpha provided estimates of internal consistency for the total FIATS-WI scale and each subscale. Homogeneous scales should have an alpha between 0.7 and 0.9 [34] . If the statistic did not meet this criterion, then items with the lowest item-subscale correlations were considered for elimination until alpha was within the range of acceptable values. All analyses were conducted using Measurement authorities suggest that 5-10 participants per dimension be used for this type of analysis [34] , so the target sample size was 120 completed questionnaires. Forms not meeting eligibility criteria or returned with less than 80% of the FIATS-WI ratings were considered incomplete and not included in the analysis.
Phase 2: Test-Retest Reliability and Convergent Construct Validity
The objectives of phase 2 were to: (a) estimate the test-retest reliabilities of the FIATS-WI scale and subscales; and (b) obtain support for the convergent construct validity of the FIATS-WI.
The study used a hospital-based, repeated measures survey design. Parents who were eligible to participate had a child reported to: (a) be 5 to 18 years of age inclusive; (b) have difficulty writing due to their disability; (c) be able to compose ideas in writing; (d) have writing needs at home (as a condition of being seen for services); and (e) have received writing technology services within the previous 3 years. Further, parents needed to understand written English to complete the forms provided.
A random sample of 100 parents of children who met the eligibility criteria received a letter from the clinical services manager to introduce the study and inform them that a researcher may contact them to determine their interest in study participation. Two weeks after the mailing, a researcher called families on the contact list in random order. The first 30 interested families received a package containing a study information letter, the FIATS-WI questionnaire, and a pre-paid return envelope. Parents received a phone call one week later to confirm their participation. Consent to participate in the study was implied upon return of completed questionnaires. Upon receipt of the first questionnaire, a second FIATS-WI questionnaire and the Participation and Environment Measure for Children and Youth (PEM-CY) measure were mailed. Families who participated received a $20 gift card as a token of appreciation.
Participants completed the 74-item FIATS-WI twice to estimate its test-retest reliability. A two-to-three week interval between questionnaire administrations was chosen as it was assumed participants would not recall their initial ratings and expected there would be no substantive changes in the lives of children and their families. Basic demographic data and the number of days between measurement administrations were also collected.
Participation is defined by the World Health Organization's International Classification of Functioning, Disability and Health: Children and Youth Version (ICF-CY) as 'involvement in life situations' [43] . Within the ICF-CY framework, participation may be influenced by its dynamic interactions with body function and structures, activities, and contextual factors including both environmental factors (e.g., family functioning) and personal factors (e.g., child behaviour). The FIATS-WI aligns with the ICF-CY framework by incorporating interrelated dimensions that measure participation and other aspects of child functioning (doing activities, independence, quality of writing, social adaptability, writing activities), environmental factors (caregiver relief, exertion, supervision), and personal factors (attitudes toward writing, contentment). Since these dimensions may interact with levels of child involvement in everyday social settings, the research team hypothesized that child and family functioning as measured globally by the FIATS-WI would be associated with both the frequency and intensity of the child's home participation as measured by the PEM-CY.
The PEM-CY is a parent-report questionnaire that probes child participation and environmental supportiveness in activities of children aged 5-17 years in home, school, and community settings [52] . The PEM-CY has adequate psychometric properties, with moderate to good internal consistencies (Cronbach's alpha > 0.59) and test-retest reliabilities over a 1-4 week period for home participation frequency (intra-class correlation coefficients (ICC) > 0.58) and involvement (ICC > 0.76) [52] . The home participation section of the PEM-CY includes 10 generic types of home activities such as indoor play, household chores, personal care management, and socializing using technology, and can be administered as a setting-specific measure of participation. Further, the PEM-CY scale is most relevant for parents as they are well positioned to observe their child's participation at home. Higher scores suggest higher frequency (i.e., how often dimension) and intensity of involvement (i.e., how involved dimension) in select home activities.
Paired data from 30 participants could detect a correlation as large as 0.50 assuming a power of 80% and two-tailed alpha level of .05. Collected data were entered from all questionnaires into IBM SPSS version 19.0 (IBM Corp. Released 2010. IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp.) for analysis. Test-retest reliability estimates were ICCs using a mixed model for absolute agreement. A lower 95% confidence limit of ICC = 0.70 was considered to be an indicator of good test-retest reliability for the total FIATS-WI score and each of its subscales.
Support for convergent construct validity was determined by calculating correlations among the FIATS-WI and how often and how involved in specific home activities as measured by the PEM-CY. These analyses did not adjust alpha for multiple testing as they were intended to flag possible associations among the constructs measured. Pearson's correlation coefficient (r) and Spearman's rank correlation coefficient (r s ) provided the statistics of association for data demonstrating normal and non-normal distributions, respectively. Significant positive correlations within the low to moderate range of 0.3 < r/r s < 0.7 were viewed as support for convergent construct validity.
Results
Phase 1: Item Reduction and Internal Reliability
Most survey respondents were mothers, and the rest were a mix of fathers and other primary or unspecified caregivers ( Table 2 ). The mean age of the child who received writing technology services was 13.0 years (SD = 3.2) and nearly two-thirds of the children were boys. The four most common diagnoses were cerebral palsy, developmental delay, acquired brain injury, and autism spectrum disorders. Most respondents reported that their child used some form of standard computer hardware/software, and special writing software was the most common type of adaptive writing technology used.
No FIATS-WI items were eliminated for having either too few ratings or too many of the same rating as required in the analytic plan. Nine items were eliminated from the scale as they had low subscale correlations and either did not relate well or conceptually to the items assigned to other subscales. A further three items were reassigned to another subscale as they correlated more closely and were conceptually related to other subscales. This elimination/reassignment process removed all five items from the establishing routines subscale thereby removing this dimension from the measure.
The inter-dimensional correlation was very high (r = 0.9) between two similar constructs-caregiver relief and parent well-being. The parent well-being dimension was subsequently removed since caregiver relief was shared with the original FIATS and had additional empirical evidence of acceptable reliability and validity in earlier research [47, 49] . Alphas for the total scale and 8/10 subscales met recommended levels of homogeneity. The two remaining dimensions (contentment, doing activities) had alphas marginally below the recommended threshold (Table 3) . Eliminating one or more items for these two dimensions did not raise the alphas to the lower threshold of 0.70. Note: n: number of respondents who provided ratings for all items in a scale as required for the alpha calculation.
Phase 2: Test-Retest Reliability and Convergent Construct Validity
Initially 30 participants were recruited, but this increased to 33 participants to replace parents who for unknown reasons did not return a second FIATS-WI questionnaire. By the study's end, 28 parents completed both administrations of the FIATS-WI and the PEM-CY. The median ages of children who received writing services was 15.5 years (min = 10 years; max = 18 years) (n = 32; 1 missing). The mean interval between the two administrations was 30 days (min = 14 days; max = 90 days; SD = 15.8 days). Table 4 provides the main descriptive statistics for the two administrations of the FIATS-WI, the test-retest reliability point estimates, and 95% CIs for these statistics. Test-retest reliability statistics for all scales exceeded ICC = 0.87 and the lower confidence limits for the scales exceeded the recommended threshold of ICC = 0.70.
The PEM-CY exhibited a non-normal scoring distribution, so Spearman's rank correlations were selected for the correlational analyses. The total FIATS-WI and how often and how involved dimensions of the PEM-CY both showed positive, moderate correlations at the p < 0.05 level (Table 5 ). Only the supervision subscale showed a positive, moderate correlation with the how often dimension of the PEM-CY. All other subscale correlations were not significant. 
Discussion
Phase 1: Item Reduction and Internal Reliability
The 10 subscale scores for each participant were calculated by the mean rating of the items assigned to the dimension so the possible score for each was between 1 and 7. Whereas, the FIATS-WI total score was calculated by the sum of the subscale means yielding a possible score between 10 and 70. The total FIATS-WI score in this phase was 43.4 (SD = 8.1) or 55.7% of the total possible score with no indication of floor or ceiling effects.
The survey response rate was below that expected using Dillman's survey method. However, the research team chose to be less assertive in the invitations to participate, by including only one reminder notice. It may be that those who did not respond were systematically different than those who did respond. Further, the sampling pool was situated in a very diverse, multicultural urban area with a rich mix of primary languages other than English. Consequently, requiring English literacy may have further limited the representativeness of the study sample.
A similar item reduction strategy used for the original FIATS resulted in the development of a related AT outcomes measure with acceptable internal consistencies [49] . In the present study, the precision of the FIATS-WI improved and the length of the measure reduced by 16% (14/88 original items). While content experts in previous work indicated that establishing family routines and parent well-being were constructs that may be impacted by the introduction of writing technologies, the research team elected to improve measurement precision and reasoned that doing so would reduce respondent burden without severely compromising scale validity
The total FIATS-WI and the subscales showed at least moderate levels of homogeneity as indicated by their alpha statistics. While two subscales were somewhat lower than the recommended threshold, the research team elected to retain these dimensions to avoid further erosion of the content validity of the measure. In sum, the reduced FIATS-WI had 74 items assigned to one of 10 dimensions.
Phase 2: Test-Retest Reliability and Convergent Construct Validity
The test-retest reliability levels reported here are similar to those reported for original FIATS [49] and the FIATS-AAC-a companion parent-report measure of child and family functioning for face-to-face rather than written communication interventions [53] . This is the third study to estimate acceptable test-retest reliabilities for the four subscales shared with the original FIATS and FIATS-AAC measures [49, 53] .
An analysis of correlations between the FIATS-WI total scale and measures of home participation frequency and intensity provides support for convergent construct validity. Higher scores on the total FIATS-WI tended to be associated with a greater frequency and degree of involvement in home activities as scored by the PEM-CY. However, only 17% of the variance (R 2 ) is explained by each indicator of home participation. This is consistent with the research team's belief that the FIATS-WI measures participation as well as other aspects of child and family functioning not reflected in the PEM-CY. Moderate associations were expected for individual dimensions, but the sample size was not large enough in the present study to support testing these hypotheses. Additional studies designed to test the strength of subscale associations with levels of participation and other aspects of child functioning, contextual factors, and health-related quality of life will provide additional empirical support for the validity of the FIATS-WI.
Phase 2 also had study limitations. Although parents of children who were as young as 5 were eligible, the random sampling strategy resulted in the recruitment of parents whose children were at least 5 years older and had a mean age of 16. While the inclusion of parents of younger children would likely result in the same conclusion regarding the adequacy of the test-retest reliability, researchers and practitioners should be cautious when assuming the stability of the FIATS-WI for young school-aged children. It is recommended that future reliability studies use a stratified sampling strategy to include parents of children who represent the full range of ages. Further, although participants were asked to complete their second questionnaires 2-3 weeks after completing the first one, five parents dropped out after completing the first questionnaire and more than half of the families exceeded the 3-week limit. Of concern was that the lives of children and their families may have changed during this longer period. Regardless, the test-retest reliabilities for the total FIATS-WI and all 10 subscales were acceptable.
Conclusions
The present study provides empirical support for the FIATS-WI as an emerging measure of AT outcomes in children with disabilities who need computer-based writing interventions. The FIATS-WI and its constituent subscales have acceptable levels of reliability, and the total scale has initial evidence to support its convergent construct validity. Since no gold standard measure exists for measuring AT outcomes for writing interventions, further empirical study of the construct validity of the FIATS-WI is indicated. Future investigations should include demonstration of the ability of the measure to detect clinically important change following the provision of writing technologies and along the continuum of device use. Future studies should also explore the utility of the FIATS-WI including the amount and acceptability of time required to complete the measure by parents. Further, the development of other measurement scales that capture the perspectives of young people who use computer-based writing technologies and those who read their narratives (peers, educators) would help to provide a balanced view of the effects of computer-based writing interventions.
Child-and family-centred practice is core to the delivery of AT devices and services, including the computer-based writing interventions considered in this article. Yet, AT outcome measurement that focuses solely on activity performance and the attainment of important goals may be limiting. Individualized approaches to outcome measurement do not provide a broad view of the impact of writing interventions and factors that may influence their short-and long-term use. The FIATS-WI shows promise as a complementary strategy for AT practitioners and researchers by offering a measure of key functional and contextual factors that may influence and be influenced by the selection, training, and ongoing use of writing technologies.
How reliant a child with a disability is on writing technologies may inform shared decision making about the relative importance and need to consider outcomes across all domains of the FIATS-WI. Future research may also be directed to study the flexible use of dimensions important for individual children and their families. For example, simple writing technologies such as the use of enlarged keyboards may not require consideration of constructs related to need for parent respite (caregiver relief ). On the other hand, an eye tracking writing system that enables a child to connect independently with peers via social media may have a profound impact on both child development and family functioning. In such cases, monitoring change across all dimensions of the FIATS-WI may be important to understanding AT outcomes.
The measurement of AT outcomes for children with disabilities is complex as they are multidimensional and influenced by both known and unknown moderating factors. The availability of sound tools designed to measure key functional and contextual factors will support the development and evaluation of new technologies intended to address unmet needs and, ultimately, improve the everyday lives of children with disabilities and their families.
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